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Introduction to “Omics”

Metabolomics

Proteomics

Genomics



Metabolomics:  Profiling
Separation methods
• Gas chromatography (GC)

• High performance liquid chromatography (HPLC) 

• Capillary electrophoresis (CE)

Detection methods
• Mass spectrometry (MS)
• Nuclear magnetic resonance (NMR) spectroscopy
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Proteomics:  Discovery

…to 
IDENTIFICATION

METHODS
• In vivo detection

• In situ localization

• Co-IP

• Protein Chip Arrays

• 2D PAGE

From SAMPLE…

Isolation of 
proteins

Sample PREP

MS/MS ANALYSIS

Validation of 
RESULTS

Quality Control

Database 

search 

(MASCOT)



Genomics

AAA...

Chip Arrays

ELISA

Sequencing

RT-PCR/RACEmRNA Transcript

Transcription Factor
CHARACTERIZE 

GENE REGULATORY 
NETWORKS

SURVIVAL

N C

STRESS



Turning it all off



Master Switch:  

CHANGE THE READING of  

YOUR  DNA

Turn Genes On and OFF:  

in response to environment 

[Disease, Lifestyle, Drugs, 
Interventions]

EPIGENETIC MECHANISMS



 Quantitatively measure multiple analytes in 

a single assay

-- i.e. 3-50 protein targets in 1 well

 Primarily nucleic acid and protein–based 

techniques

 Luminex: crucial  type of  MULTIPLEX 

technology 



 Covalent attachment of: 

Antibodies,  Oligonucleotides

 Capture of  proteins, peptides, 

coding and non-coding RNAs, 

miRNA  targets and more ! 

 Create a snapshot of  Global 

Cellular Functions

Use this ‘snapshot’ to identify 

mechanisms of  metabolic regulation



 QuantiGene Plex

 Same technology:  Immobilized oligonucleotides

 Direct measure of  mRNA levels

 Custom-plex can measure 3-80 genes in 1 sample



Procarta® TF Plex Assays:  Luminex based

• Profile the DNA binding activity of  

up to 44 different transcription 

factors (TFs) in a single well



 Size ~22 nucleotides

 Highly conserved across species

 Bind to 3’ UTR of  mRNAs

 Exact repression mechanism(s) yet to 

be defined, but seem to include

- Block translation of  mRNA

- Help bind mRNA into stress granules 

- Target mRNA for degradation 



GOLDENROD GALL INSECTS

SUMMER WINTER



Ball gall

Gall interior

Mature 3
rd

instar 

larva overwinters

Eurosta solidaginis -

the goldenrod gall fly

Adult fly

FREEZE

TOLERANT

Larva



Gall interior

Mature larva

overwinters

Epiblema scudderiana -

the goldenrod gall moth

Adult moth

FREEZE

AVOIDING

Elliptical gall 

Larva



Epiblema scudderiana
(Clemens) 

(Lepidoptera, Olethreutidae)

Freeze Avoiding

-38°C

0

25%

Antifreeze proteins

Glycerol

Eurosta solidaginis
(Fitch)

(Diptera, Tephritidae)

Freeze Tolerant

-8°C 

67%

-

Ice nucleators

Glycerol, Sorbitol

SCP

% Ice

Water loss

Ice control

Polyols



FREEZE AVOIDING       FREEZE TOLERANT

> 2 M

> 400 mM

~150 mM



Drosophila HIF-1α called Sima

(HIF-1β = ARNT = Tango)

Eurosta has 62% identity overall

• Dipteran HIF-1α is ~1500 amino acids

vs. mammalian ~830,  C. elegans 719,

vs. honeybee and shrimp ~1000 

• 3 unique substitutions in Eurosta bHLH

domain compared with Drosophila & 

honeybee

Pier Morin



CONTROL REGION OF A TYPICAL 

EUKARYOTIC GENE

EPIGENETICS:

• microRNA

• Methylate DNA

• RNA Polymerase [P/deP]

• Histones modified [Me.Ace]

• HDAC / HAT changes



Cuellar TL, McManus MT.  J Endocrinol. 187(3):327-332, 2005. 



 Cold/Freezing 

 microRNA Signatures 

 Eurosta,  Epiblema

 Differentially regulated microRNAs

in Winter Adaptation 

 Future perspectives
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Homogenization 

(Polytron)

Total RNA isolation

miRNA candidates 

identified by microarray 

and literature searches

Reverse 

transcription (Biggar 

et al., 2011)

22

miRNA

Reverse 

transcriptase

cDNA



Microarray profiling of  E. solidaginis at +5 °C and -15 °C to 

identify miRNA candidates 



Comprehensive Physiology. 2013;  3(3): 1283-1308

Canadian Journal of  Zoology. 2012;  90: 456-475





Epiblema scudderiana – freeze avoiding
• 44 differentially expressed miRNAs between control and cold-exposed larvae
• 21 upregulated miRNAs and 23 downregulated miRNAs

• Potential relevance to cold adaptation: elevated miR-1-3p, miR-92b-3p and miR-
133-3p levels and reduced miR-13a-3p and miR-13b-3p

Eurosta solidaginis – freeze tolerant

• Upregulated miRNAs included miR-8-5p, miR-10-5p, miR-31a-5p, miR-34-5p, miR-
281-3p, miR-316-5p, miR-317-3p, miR-988 (upregulated)

• Downregulated miRNAs include miR-281-3p, miR-307a-5p, miR-965-3p

• A signature of cold-modulated miRNAs identified suggesting a subset of miRNAs

for cold adaptation  CryomiRs

microRNA Deep Sequencing



Cold-modulated miRNAs

in natural models of  hypometabolism
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Methods

Exposure of E. solidaginis and E. scudderiana larvae to cold stress
Larvae were first incubated at +5 °C (2 weeks) → Sampled
Larvae were then incubated at -5 °C (2 weeks) → Sampled
Larvae were finally incubated at -15 °C (2 weeks→ Sampled

SmallRNA isolation from cold-stressed  E. solidaginis and E. scudderiana
miRVanaTM miRNA Isolation Kit (small RNA enriched protocol): 2 extractions of 2 larvae each for +5°C and -15°C

cDNA library preparation and Ion Torrent sequencing

cDNA library prep and barcode tagging of RNA samples
Sequence acquisition 
Data trimming (removing barcodes, low Q scores, over/undersized sequences)

MiRNA identification
Alignment of sequencing data with mature D. melanogaster miRNA sequences from miRBase

Intra-samples variations of read counts were normalized by the Trimmed Mean of M-values (TMM) method
Differential expression was determined by Student’s t-test

Normalisation and Statistical analysis



Table 1: Mapping statistics of Ion Torrent reads in cold-stressed vs control E. scudderiana larvae.  

MiRNA expression profiling via Next-Generation Sequencing:  Epiblema



Figure 2: MiRNA expression in cold-stressed vs. control E. scudderiana larvae. Bars show
log2 fold-change in TMM normalized read counts of small RNAs annotated with known D.
melanogaster miRNA sequences (miRBase.org). Shown are miRNAs with minimum average
read counts of 10 (after TMM normalization) and minimum log2 fold-change of 0.2. (P <
0.05, n = 2).



Figure 4: Length distribution of small RNA reads in control and -15°C-exposed E. solidaginis.
The x-axis represents sequence sizes from 16 to 24 nucleotides. The y-axis indicates the read
counts for each size.



  
MiRNAs 

Relative expression 

  
E. scudderiana E. solidaginis  

MiRNAs differently modulated in the 

two models of cold adaptation miR-970-3p 1.26 0.81 

 miR-306-5p 0.82 1.21 

 miR-4-3p 0.81 1.16 

 miR-13a-3p 0.43 1.26 

 miR-2a-3p 1.19 0.82 
 
Table 2: MiRNAs that are modulated differently in the freeze-avoiding E. scudderiana and the
freeze-tolerant E. solidaginis via next-generation sequencing.



Figure 1: Length distribution of small RNA reads in control and -15°C-exposed E.
scudderiana. The x-axis represents sequence sizes from 16 to 24 nucleotides. The y-axis
indicates the read counts for each size.



Figure 3: Real-time PCR validation of expression patterns observed for five miRNAs by
next-generation sequencing. Relative expression of miR-34-5p, miR-274-5p, miR-275-3p,
miR-307a-3p and miR-316-5p quantified by qRT-PCR in control and -15°C-exposed E.
scudderiana. Data are normalized transcript levels (mean ± SEM, n=4).



Table 3: A common signature of upregulated and downregulated miRNAs
observed in cold-treated E. solidaginis and E. scudderiana via next-generation
sequencing.

  
MiRNAs 

Relative expression 

  
E. scudderiana E. solidaginis  

Upregulated miRNAs miR-34-5p 1.56 1.25 

 miR-1-3p 1.22 1.39 

 miR-8-5p 1.46 1.18 

 miR-988-3p 1.52 1.26 

 miR-316-5p 1.36 1.27 

 miR-31a-5p 1.64 1.19 

 miR-10-5p 1.23 1.40 

 miR-317-3p 1.17 1.35 

    

    

Downregulated miRNAs miR-307a-5p 0.76 0.40 

 miR-965-3p 0.59 0.57 

 miR-281-3p 0.32 0.71 
 

CryomiRs:



This project was undertaken to further characterize a miRNA signature solicited at low
temperatures in two cold-hardy gall-forming insects. Small enriched RNAs from cold-stressed and
control larvae of the freeze-tolerant goldenrod gall fly Eurosta solidaginis as well as the freeze-
avoiding goldenrod gall moth Epiblema scudderiana was characterized via Ion Torrent high
throughput sequencing. In E. scudderiana, a total of 44 differentially expressed miRNAs were
identified between control and cold-exposed larvae with 21 upregulated miRNAs and 23
downregulated miRNAs. Among the most significant changes observed in miRNAs with potential
relevance to cold adaptation were elevated miR-1-3p, miR-92b-3p and miR-133-3p levels as well as
reduced miR-13a-3p and miR-13b-3p levels in E. scudderiana larvae exposed to cold temperatures.
Expression values obtained from next-generation sequencing were also validated by a quantitative
PCR approach for five miRNAs; miR-34-5p, miR-274-5p, miR-275-3p, miR-307a-3p and miR-316-5p.
Interestingly, a next-generation sequencing-based approach was also undertaken in the freeze-
tolerant E. solidaginis and revealed miRNAs that displayed similar expression profiles as the ones
observed in cold-exposed E. scudderiana. These include miR-8-5p, miR-10-5p, miR-31a-5p, miR-34-
5p, miR-281-3p, miR-316-5p, miR-317-3p, miR-988 (upregulated) and miR-281-3p, miR-307a-5p,
miR-965-3p (downregulated). This common signature of cold-modulated miRNAs suggest that a
sub-set of miRNAs are differentially expressed in insects during cold adaptation. Investigating this
signature in other animal models of cold adaptation, including mammalian hibernators that
interestingly also exhibit miR-1 upregulation, will further put the light on cold-responsive miRNAs or
CryomiRs.

Discussion and Conclusion



Overview of insect cold hardiness

Oviposition Gall formation Overwintering Metamorphosis

Characteristics E. solidaginis E. scudderiana 

Freeze tolerance strategy Yes No 

Freeze avoidance strategy No Yes 

Intracellular ice formation No No 

Extracellular ice formation Yes No 

Metabolic depression Yes Yes 

 



39

 Short, non-coding, RNAs 

 18-23 nucleotides in length

 Involved in translational

repression

 Differentially expressed at 
low temperatures in selected 
amphibians and hibernators

He and Hannon (2004)



1. MiRNA signatures were solicited at low temperatures in two cold-hardy gall-forming insects
2. In E. scudderiana, a total of 44 differentially expressed miRNAs were identified between control

and cold-exposed larvae with 21 upregulated miRNAs and 23 downregulated miRNAs.
3. Potential relevance to cold adaptation: elevated miR-1-3p, miR-92b-3p and miR-133-3p levels

as well as reduced miR-13a-3p and miR-13b-3p levels in E. scudderiana larvae exposed to cold
temperatures.

4. in the freeze-tolerant E. solidaginis similar miRNAs were determined These include miR-8-5p,
miR-10-5p, miR-31a-5p, miR-34-5p, miR-281-3p, miR-316-5p, miR-317-3p, miR-988
(upregulated) and miR-281-3p, miR-307a-5p, miR-965-3p (downregulated).

5. This common signature of cold-modulated miRNAs suggest that a sub-set of miRNAs are
differentially expressed in insects during cold adaptation.

6. Investigating this signature in other animal models of cold adaptation on cold-responsive
miRNAs or CryomiRs.

microRNA Summary



Cold-modulated miRNAs
in natural models of hypometabolism



 miR-210, miR-1, miR-284 and miR-34 

were amplified and measured for the 

first time in a freeze tolerant insect

 Expression of  this miR signature in a 

freeze-avoiding insect

 Characterization of  miR targets in our 

insect models 


